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Abstract
It is shown that instantons provide a natural mechanism to explain an unusual az-
imuthal dependence of the production of the even-parity glueball candidates in central
pp collision. A different azimuthal dependence for instanton-induced production of the
odd-parity glueballs is predicted.
1kochelev@thsun1.jinr.ru
Recently, very interesting experimental data on central production of glueball candidates
have been published by WA91 and WA102 Collaborations [1], [2]. These data have shown an
unusual strong dependence of the cross section for production of glueball candidates on
dPt = |p′1t − p′2t|, (1)
where p′it, i = 1, 2, are the transverse momentum of the final protons. The experimental
data are specified by a significant enhancement at small values of dPt of the production of
f0(1500), fJ(1710), f2(1900), which are the candidates for even-parity glueball states [3], in com-
parison with the known qq¯ mesons. This experimental observation opened the door for investiga-
tion of the properties of glueballs in diffractive processes [4]. A possible dynamical explanation of
this feature, based on the broken scale invariance has been suggested in ref.[5]. However the final
result of ref.[5] shows only a weak dependence of the cross section for glueball production at the
relative azimuthal angle Φ between transverse momenta of the final protons. It turns out that
this weak dependence is related just with the kinematics of the double-diffractive production of
mesons and is not connected with some specific properties of glueballs.
In this letter, we suggest a new mechanism for central glueball production, based on the
instanton structure of the QCD vacuum.
The instantons describe the tunneling between different gauge-rotated classical vacua in QCD
and reflect the nonabelity of theory of strong interactions. The instanton–induced quark-quark
t’Hooft [6] interaction plays a very important role in chiral symmetry breaking and in the ap-
pearance of the masses of constituent quarks and hadrons (see reviews [7], [8]).
It is very important that besides famous quark-quark interaction, the existence of the instan-
tons in QCD vacuum should lead to specific quark-qluon [9] and gluon-gluon interactions.
Just the instanton-induced gluon-gluon interaction can give an important contribution to the
central production of glueballs in the pp collision due to the diagram shown in Fig.1. It should
be mentioned that the possibility of a large instanton contribution to the glueball production
comes from the non-perturbative origin of the instanton field which gives the factor 1/αs into
the production cross section for each gluon that is connected with the instanton.
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Figure 1: The contribution to the central glueball production induced by instantons.
Let us estimate the Φ dependence of the instanton-induced glueball double-diffractive pro-
duction. The wave function of gluons incoming onto the instanton (see Fig.1) is given by the
Fourier transform of the instanton field
Aaµ(q) =
16π2ρ2
gs
η¯aµνqν
q4
(1− 1
2
K2(ρ|q|)ρ2q2) ≡ η¯aµνqνf(q2), (2)
where the t’Hooft’s symbol η¯aµν in the Minkowsky space is
η¯aij = ǫaij , η¯a0i = iδai, (3)
2
and η¯aµν is antisymmetric under the interchange of µ and ν.
At high energies the matrix element of the reaction presented in Fig.1 is given by the formula
M ≈ η¯aµν η¯aµ′ν′q1νq2ν′ p˜1µp˜2µ′F (q12, q22), (4)
where qi = pi − p′i, p˜i = pi + p′i, and F (q12, q22) is a form factor which contributes negligibly to
the Φ dependence and therefore we will neglect it.
To obtain formula (4), the leading-gluon model for the pomeron has been used (see a discus-
sion in [5]). In this model the meson production (Fig.1) is determined by the fusion of the two
leading gluons from different pomerons whereas the remained gluons from the pomerons provide
only colourlessness.
The contraction of the t’Hooft’s symbols Eq.(4) is
η¯aµν η¯aµ′ν′ = M
even
νµν′µ′ +M
odd
νµν′µ′ (5)
where
Mevenνµν′µ′ = gνν′gµµ′ − gνµ′gν′µ, (6)
and
Moddνµν′µ′ = ǫνν′µµ′ . (7)
It is easy to check that two terms in (5) contribute to the production of mesons with opposite
parities. This follows from the fact that one can rewrite the even part of the amplitude (5),
(6) through the even-parity product of the field strengths of incoming gluons GaµνG
a
µ′ν′, whereas
the odd-parity part (7) can be represented by the formula GaµνG˜
a
µ′ν′ , where G˜
a
µ′ν′ = ǫµ′ν′ρτG
a
ρτ/2.
Therefore in the production of the even- (odd-) parity glueballs only the first (second) term in
(5) can contribute.
In the center of mass system of initial protons the momenta of initial and final particles are
p1 ≈ (P, 0, P ), p2 ≈ (P, 0,−P )
p1
′ ≈ (x1P, ~p1t, x1P ), p2′ ≈ (x2P, ~p2t,−x2P ) (8)
By using this formula and (6), (7) one can obtain the following Φ dependence of the even- and
odd-parity glueball production cross-section induced by instantons:
σeven ∼ |M |2 ∼ (~p1t.~p2t)2 ∼ cos2Φ, (9)
σodd ∼ |M |2 ∼ |~p1t × ~p2t|2 ∼ sin2Φ, (10)
To predict the total Φ dependence of the glueball production, one should take into account
the kinematic restrictions for the meson production [5]. For the symmetric kinematics x1 = x2 =
xP − 1, t1 ≈ t2, by using the pomeron flux factor
fP (xP ) ∝ x1−2α(t)P , (11)
where α(t) = 1 + ǫ+ α′t is the pomeron trajectory with ǫ = 0.085 and α′ = 0.25GeV 2, one can
obtain from the double-diffractive cross section formula 2
dσ
dΦ
≈ f 2P (xP )
dσˆ
dΦ
(12)
2 The kinematic relation xP = (M
2
R + 2|t|(1 − cosΦ))1/2/
√
s [5], where MR is the mass of the glueball was
used to obtain (13), (14).
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the following Φ dependence of even- and odd-parity glueball production
dσeven
dΦ
∼
(
s
M2R + 2|t|(1− cosΦ)
)1+2ǫ+2α′t
cos2Φ (13)
and
dσodd
dΦ
∼
(
s
M2R + 2|t|(1− cosΦ)
)1+2ǫ+2α′t
sin2Φ. (14)
The distribution (13) for the lightest scalar glueball candidate f0(1500) production for
t = −0.1GeV 2 in WA91 andWA102 experiments is shown in Fig.2. This distribution significantly
differs from the distribution predicted within model [5]. The difference is connected with a much
more larger enhancement of the even-parity glueball production at small values of Φ and its
suppression at Φ ≈ π/2. This dependence is in qualitative agreement with experimental data
[1], [2].
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Figure 2: Φ-dependence of the instanton
contribution to f0(1500) even-parity me-
son central production at t = −0.1GeV 2.
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Figure 3: Φ- dependence of the instan-
ton contribution to the central production
of odd-parity glueball with mass MR =
2250MeV at t = −0.1GeV 2.
For the production of the odd-parity glueballs there should be an opposite situation. Indeed,
their cross section should be small at small values of Φ and significantly larger at Φ ≈ π/2. The
corresponding distribution for the production of the odd-parity lightest glueball candidate 0−+
with the mass MR(0
−+) ≈ 1.5MR(0++) ≈ 2250MeV [3] is presented in Fig.3.
Recently the experimental data on the production of pseudoscalar neutral mesons π0, η,
η′ in the central pp collision have been published [10]. It was discovered that the production
mechanism for η and η′ differs from the mechanism of the π0 production. Indeed, it was found
that the cross section for the η and η′ production are greatest when the azimuthal angle Φ
between pt of two final protons is π/2. From our point of view, due to the large value of matrix
elements [11]
< 0|3αs
4π
GaµνG˜
a
µν |η >=
√
3
2
fπm
2
η,
< 0|3αs
4π
GaµνG˜
a
µν |η′ >=
√
3fπm
2
η′ (15)
the diagram in Fig.1 can significantly contribute also to η and η′ production, which leads to the
enhancement of production at Φ ≈ π/2.
In summary, the new mechanism for central production of glueballs is suggested. It is based
on the instanton picture of the QCD vacuum and provide a natural explanation of the unusual
kinematical dependence of cross sections of production of glueball candidates. This observation
gives a nice opportunity to investigate the properties of the complicated QCD vacuum in the
double-diffractive production of mesons.
The author is very grateful to A.E.Dorokhov, S.B. Gerasimov, A. Kirk and V. Vento for
useful discussions.
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